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0LFURVWHUHROLWKRJUDSK\ 06/ LV RQH RI WKH VROLG IUHH IRUP IDEULFDWLRQ 6)) WHFKQLTXHV ZKLFK LQYROYH IDEULFDWLRQ RI 
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PDLQO\EDVHGRQVRIWOLWKRJUDSK\WHFKQLTXH7KHVHWHFKQLTXHVSURYLGHKLJKHUUHVROXWLRQEXWLQYROYHWKHXVHRIFRVWO\
PDVN DQG OLPLWHG FDSDELOLW\ WR IDEULFDWH WUXH ' FRPSRQHQWV >- 6WDPSIO HW DO @ &XUUHQWO\ 
3KRWRSRO\PHUL]DWLRQSURFHVV33LVNQRZQWREHDIUHHIRUPIDEULFDWLRQSURFHVVZLWKYHU\KLJKUHVROXWLRQ >6DWRVKL
.DZDWD HWDO @,Q33SURFHVVWKHUHVROXWLRQPXFKEH\RQGWKHGLIIUDFWLRQLVDFKLHYHGE\FRQWUROOLQJWKHODVHU
SXOVH HQHUJ\ DQG QXPEHU RI DSSOLHG SXOVHV +RZHYHU WKH PDLQ OLPLWDWLRQV RI 33 DUH ORZ ZULWLQJ VSHHG DQG
PD[LPXP KHLJKW RI WKH IDEULFDWHG SDUWV >- 6WDPSIO HW DO @ $QRWKHU 6)) SURFHVV ;UD\ OLWKRJUDSK\ ZDV
GHYHORSHG WR IDEULFDWHKLJKDVSHFW UDWLRPLFURVWUXFWXUHV >&KULVWRSKH0DUTXHV @ EXW LW FRXOGQ¶W ILQG LQGXVWULDO
DSSOLFDWLRQVGXHWROLPLWHGDFFHVVLELOLW\WRLQGXVWULHVDQGKLJKRSHUDWLRQDO FRVW,QWKH\HDU,NXWDHW DO
LQWURGXFHGDQRYHOPLFURIDEULFDWLRQSURFHVVµ0LFURVWHUHROLWKRJUDSK\¶WRIDEULFDWH KLJKDVSHFWUDWLRVWUXFWXUHV7KLV
SURFHVV KDV EHHQ DSSOLHG IRU IDEULFDWLQJ PLFURIOXLGLFV GHYLFHV IRU ELRPHGLFDO DSSOLFDWLRQV ZKHUH WKH IHDWXUH
UHVROXWLRQ LV LQ WKH UDQJH RI  PLFURQV   7KHVH ' FRPSRQHQWV DUH IDEULFDWHG LQ PLFURVWHUHROLWKRJUDSK\ E\
SRO\PHUL]LQJDSKRWRVHQVLWLYHUHVLQZLWK FRPSXWHU FRQWUROOHGODVHUVFDQQLQJWHFKQLTXH 7KHVSRWVL]HRIODVHUXVHGWR
SKRWRSRO\PHUL]HOLTXLGUHVLQLVRIWKHRUGHURIPLFURQV >&KUULVWRSH3URYLQ HWDO  ;=KDQJ HWDO @
7KHDELOLW\ WR IDEULFDWHZLGH UDQJHRIPDWHULDOVPDNHV06/DVDYHUVDWLOH WHFKQLTXH WR IDEULFDWHKLJKDVSHFW UDWLR
VWUXFWXUHV
5HFHQWO\VRPHUHVHDUFKJURXSVUHSRUWHGIDEULFDWLRQRIFRPSOH[' FHUDPLFSDUWVLQPLOOLPHWHUDQGVXEPLOOLPHWHU
UDQJHXVLQJPLFURVWHUHROLWKRJUDSK\DSSDUDWXV >;=KDQJHWDO ;1-LDQJHWDO 60RQQHUHWHWDO 
$UQDXG%HUWVFKHWDO @:KHQFHUDPLFSDUWLFOHVDUHGLVSHUVHGLQDSKRWRVHQVLWLYHUHVLQWKHUHVXOWLQJIOXLGZLOO
EH D WKLFN SDVWH'XULQJ IDEULFDWLRQ RI ' VWUXFWXUHV VXFFHVVLYH OD\HU UHFRDWLQJ EHFRPHV DQ LVVXH RZLQJ WR KLJK
YLVFRVLW\ RI VXVSHQVLRQ 7KHUH DUH WZR PHWKRGV DYDLODEOH IRU VXFFHVVLYH UHFRDWLQJ RI FHUDPLF VXVSHQVLRQ 2QH
PHWKRG XVHVDGRFWRUEODGHWHFKQLTXHWRFRDWDXQLIRUPOD\HURQWKHWRSRIWKHSUHYLRXVO\IDEULFDWHGOD\HU5HIHU)LJ
 'RFWRUEODGHXWLOL]HVVKHDUWKLQQLQJ EHKDYLRXU RIFHUDPLFVXVSHQVLRQDQGWKHEODGHVSHHGLVDGMXVWHGVXFK WKDW
VXVSHQVLRQFDQEHVSUHDGHDVLO\DWWDLQLQJ WKH ORZHVWDSSDUHQWYLVFRVLW\DWFORVHVKHDU UDWH(TXDWLRQZKLFKUHODWHV
YHORFLW\RIEODGHȞOD\HUWKLFNQHVVWDQGVKHDUUDWH  ጻ LVJLYHQDVIROORZV >2OLYLHU'XIDXG HWDO@
  ጻ 
6LQFHWKLFNQHVVRIUHFRDWHGOD\HULVRIWKHRUGHURIPLFURQVDQGDPRXQWRISXUHUHVLQGHSRVLWHGRQWRSRI
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7KHFHUDPLFSRZGHUXVHG LQ WKLV VWXG\ZDVDOXPLQD  $OPDWLV5*GHQVLW\JFPZLWKPHDQSDUWLFOH
VL]HG PLFURQVDQGVSHFLILFVXUIDFHDUHDPJPHDVXUHGIURP%(77ZRW\SHVRIGLVSHUVDQWVZHUH XVHG
WRPRGLI\ WKHSDUWLFOH VXUIDFH IURPK\GURSKLOLF QDWXUH WR K\GURSKRELF2OHLF DFLG 2$ DQ XQVDWXUDWHG IDWW\ DFLG
REWDLQHG IURP0HUFN ,QGLD DQG VWHDULF DFLG 6$ ZKLFK LV VDWXUDWHG IDWW\ DFLG REWDLQHG IURP0HUFN *HUPDQ\
$FHWRQH0HUFN,QGLD ZDVXVHGDVVROYHQWIRUGLVVROYLQJDQGIDFLOLWDWLQJSK\VLFDODGVRUSWLRQRIFDUER[\OLFDFLGVRQ
DOXPLQDSDUWLFOHVXUIDFH$SKRWRFXUDEOHPRQRPHU+H[DQHGLDOGLDFU\ODWH+''$6LJPD$OGULFK86$ZKLFK
LV D ELIXQFWLRQDO ORZ YLVFRXV PRQRPHU 3DV DW & ZLWK &+ WHUPLQDWHG FKDLQ HQGV K\GURSKRELF
EDFNERQHVWUXFWXUHZDVXVHG ±+\GUR[\F\FORKH[\OSKHQ\ONHWRQH+&3.ZDVXVHGDVSKRWRLQLWLDWRU7KHPRODU
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2OHLFDFLG 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 






&HUDPLF VXVSHQVLRQVZLWK VROLG ORDGLQJRI YROXPH IUDFWLRQZHUHSUHSDUHGE\GLVSHUVLQJ VXUIDFHPRGLILHG
DOXPLQDSDUWLFOHV,QLWLDOO\DOXPLQDSRZGHUZDVKHDWHGDW&LQDQRYHQXQGHUYDFXXPWRUHPRYHPRLVWXUHDQG
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WKHQGLVSHUVHGLQDFHWRQHDORQJZLWK GLIIHUHQWZHLJKWSHUFHQWDJHVRI2$DQG6$VHSDUDWHO\7KHVXVSHQVLRQZDVSRW
PLOOHGIRUKRXUVXVLQJFHULDVWDELOL]HG]LUFRQLDEDOOVRIGLDPHWHUPPLQWKHUDWLRRIZLWKUHVSHFWWRZHLJKW
RISRZGHU7KHQSRZGHUZDVGULHGDW URRPWHPSHUDWXUH WR UHPRYHDFHWRQH7KHSRZGHUZDVKHDWHGDW& IRU
FKHPLFDODGVRUSWLRQRI2$DQG6$
$IWHUFKHPLFDODGVRUSWLRQSDUWLFOHVEHFRPHK\GURSKRELFLQQDWXUHDQGDUHGLVSHUVHGLQ+''$LQFUHPHQWDOO\WLOO
WKH VROLGYROXPH IUDFWLRQ UHDFKHV WR&HULD VWDELOL]HG ]LUFRQLDEDOOV LQ WKH UDWLRRI  RQZHLJKW EDVLVZLWK
UHVSHFW WR SRZGHUZHUH XVHG WR EUHDN GRZQ WKH DJJORPHUDWHV +&3.ZDV DGGHG LQ VXVSHQVLRQ ZWZLWK












ZLWKGLIIHUHQWZHLJKWSHUFHQWDJHVRI2$DQG6$IURP WRZWZLWK UHVSHFW WRZHLJKWRI WKHSRZGHUDQG
UKHRORJLFDO EHKDYLRUZDV VWXGLHG)LJ VKRZV UKHRORJLFDO EHKDYLRU RI WZRFHUDPLF VXVSHQVLRQV RQHZDV+''$
GLVSHUVHGZLWKDOXPLQDSDUWLFOHVPRGLILHGZLWK2$DQGRWKHU+''$GLVSHUVHGZLWKDOXPLQDSDUWLFOHVPRGLILHGE\
6$ 6DPH ORDGLQJ RI  YROXPH IUDFWLRQ ZDV PDLQWDLQHG LQ HDFK VXVSHQVLRQ ,W ZDV IRXQG WKDW VXVSHQVLRQ RI
+''$GLVSHUVHGZLWKZWRI2$LVOHVVYLVFRXV3DVDWVHFDVFRPSDUHGWR+''$GLVSHUVHGZLWK
 ZW RI 6$  3DV DW  VHF 7KXV +''$ VXVSHQVLRQ ZLWK GLVSHUVHG DOXPLQD SRZGHU ZKLFK ZDV
PRGLILHGZLWKROHLFDFLGZDVFKRVHQIRUWKHIDEULFDWLRQRIFHUDPLFSDUWV 2QHRI WKHFULWHULDWKDW KDV WREHIXOILOOHGE\
FHUDPLFVXVSHQVLRQIRUVDWLVIDFWRU\OD\HUUHFRDWLQJLV3DVDWVHF VKHDUUDWH >$ /LFFLXOOL HWDO@
)LJXUH  $FWXDOVHWXSRIFRQVWUDLQHGVXUIDFHDQGVFDQQLQJEDVHG0LFURVWHUHROLWKJUDSK\DSSDUDWXV












LV WKH FULWLFDO HQHUJ\ RI H[SRVXUH WKH HQHUJ\ EHORZ ZKLFK SKRWRSRO\PHUL]DWLRQ GRHV QRW RFFXU LV WKH
HQHUJ\ RI H[SRVXUH µ ¶ LV WKH VFDWWHULQJ HIILFLHQF\ WHUPZKLFK GHSHQGV XSRQ UHIUDFWLYH LQGLFHV RI WKH UHVLQ DQG
FHUDPLFSDUWLFOH PHDQSDUWLFOHVL]H DQGZDYHOHQJWKRI89OLJKW LVWKHYROXPHIUDFWLRQRIFHUDPLF SDUWLFOHV LQWKH
VXVSHQVLRQ&XUHZLGWKLVIXQFWLRQRIVSRWVL]HRI89OLJKWWKDWFDQEHH[SUHVVHGDV
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ZRXOGFRPSULVHRIOD\HUV6XVSHQVLRQRI+''$GLVSHUVHGZLWKDOXPLQDSDUWLFOHVLV SODFHGRQDJODVVVOLGHRI]
VWDJH DQG VFDQQHGZLWK FRPSXWHU FRQWUROOHG ODVHU /DVHU VSRW VL]HZDV PLFURQV DQG ODVHU SRZHU DW VRXUFHZDV
P:6FDQQLQJVSHHGRI ODVHUZDVPPVHF$IWHU IDEULFDWLRQ LWZDVQRWLFHG WKDWRXWRI ILYH OD\HUV WKUHHZHUH
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